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WELLBORE CASING 

Cross Bflfamtt Tn Brf^H AjpIWi^ 

application daima the benefit of the filing date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorpor 

Background of the Invent 
This invention relates generally to weilbore a 
weilbore casings that are formed using expandable 

Conventionally, when a weHbar* is created, a zmx 

* 

installed in the borehole to prevent collapeeof the borehole 



ice. 



to 
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mdesir^ontfW of driffing fluid into 

formation into the borehole. Tliebcrehole is drilled in intervals whereby a casing 
whichiatobeinstaDedinato^ 

installed casingof an upper borehole interval As a consequence of this procedure 

10 the casing of the lower interval is ota 

interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement ammli are provided between the outer 
surfaces of the casings and the borehole waH to seal the casings from the borehote 
walL As a consequence of this nested arrangement a relative^ large borehole 

16 diameter is required at the upper part erf the weilbore. Such a large borehole 
diameter involves increased costs due to heavy caaiog handling equ^ent,la^ 
drill bits and increased volumes of drilling fluid and drill cutting Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening; required equipment diaiiges due to large variations in h^ 
20 drilled m the course of the we^ 



Tlie present invention is directed to overcoming one or more of the 
limitations of the existing imwedures for fomh^ 
weilbore. 

26 Smnmaryof thelmrentton 

According to one aspect of the present invention, a method of forming a 



weilbore casing is provided that in^ 



in the borehole, injecting fluidic material into the borehole, and radially ^p^nHing 

the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tabular liner and a ma 

then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hnrdenshle fluidic sealing material is injected into 
an annular region between the tabular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 

10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A mm hardenable fluidic material is then injected into the interior 
region ofthe tabular liner below the mandrel The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already «™*™g 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing caring. The mandrel is removed from the borehole. Hie integrity ofthe 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity ofthe hardenable fluidic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
ofthe fluidic hardenable fluidic sealing material are cured. At least a portion of 

20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular me mber, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 

30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 



rd » coupled totbewn^t m auber end mctades a third fluid r u " sea er The 
wiuumr member is coupled to the mandrel and includes one or more ~»foi C 
elements. The shoe is coupled to the tubular m 

passage. The at least one sealing member is adapted to prevent the entry of 
foreign material into an interior region of the tubular member. 

Acairding to another aapact of the 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer dianieter of the « 
member.isimmdedtbatmriudesp^ 

of the second tubular niember. A portion of an interior region of the second 
tulmlsr member Is uressurked and tbe 
the mandrel into engagement with the first tubular member. 



i, a tubular liner is 



According to another aspect of the present invi 
provided that inchxdea an amml^ 

15 at an end portion of the amruiarmember.sndoneOT 
at an end portion of the annular member. 

Accoro^ to another a^ect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
aealing material The tabular hner is armed by the im)c« of extruding the 
20 tubular liner off of a mandrel. 

According to anrther aspect cf the p^ 
lhiinganexisting wellbore caan^ 

aniralsTb«iy of cured fluidic The tubular liner is farmed by the 

process of extruding the ti&ulaxlmer offof a inandrel The annular body of a 
25 cured fluidic wiling material ia coupled to the tabular hner. 

According to another aspect of the present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, a 

numd^ a tubuJar members a shoe. Tl* support member mdudes a f^ 
passage. The mandrel is coupled to the suppo^ The mandrel includes 

30 a second fluid passage operaldy coupled to the first fluid passage, an interior 
portion, and an exterior i>ortion. Tte interior portion of the inandrd m 
The tubular inember is coupledtothem The shoe is coupled to the tabular 
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member. The shoe mchide* a third fluid passage operabry coupled to the second 
fluid passage, an interior portion, and an exterior portion. Hie interior portion of 

the shoe is unliable. 
Brief Description of the Drawings 
5 FIG. lisatragmentaiy cross-sectional view i^^ 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view flfa a t rating the placemen t of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the n 

firat quantity of ft hw"frnpM» flmdv- Healing material into the new section of the 
well borehole. 

JTG. 3ais another fragmentary cross-sectional view ahistratiiig the iiyect^ 
of a first quantity of a hardenaMe fluidic sealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross pactional view illustrating the drilling out of 
20 a portion of the cured hardenjto^ 
the wen borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fra gment ary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a weH borehole. 

yffl ft i ff n fragmentary rrw»-ra-tinnal illustration of the placemen t of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embo d i me nt of an 
apparatus for forming a casing inchidfoc a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
JIG. 8b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG. 10a is a cross-sectional jSostratkm of a wellbore inchuhng a pair of 



FIG. 10b is a cross-eectional fibtttration of an apparatus and method for 
creating a tie-back liner luring an e^andibte tabular maaber. 
5 PIG. 10c is a erosa eeetionaJ fllnatration of the 



rial into the annular region between the tabular 



Jang of a fhrictie sealing 
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and the 



TO. lOd is a croaa^ectiiinal iltaetratto 
of the tabular member below the mand rel. 

10 TO. lOe ts a cr o s s sectional Phiatratkm of the extension of the tubular 
member off of the mandrel. 

TO. 1W isacroBBHwsttonalfflustra^ 
out the shoe and packer. 

TO. lOgis a croas-sectkmal fllustration of the completed tie-back hner 
15 created using an expandible tubular member. 

TO. 1U la a fraginentary crose^ectloBal ^ 
new section of a well borehole. 

TO. lib is a fragmentary cross-sectional view ilhistratizigthe placement of 
an ernl><)dimentof an apparatus for hangup 
20 of the wrfl borehole. 

TO. 11c isafragnumtarycroBSHw^oiialv^ injection of 

am^ quantity rfalumlenableftaidfc 
weD borehole. 

TO. lldisafi^gmenta^cross-eexrtie^viewilhistrat 
25 °fa wiper dint into the run* aectkm of ^ 

TO. lie is a fragmentary crown sectional vie m flfastrating the injection of 
a secoiid quanta crfaharderinhlefhTirtips^^^ 
the well borehole. 

TO. llf ie a fragmentary croaeHwctiondviewffliiatra^ 
30 of the tubular hner. 




Detailed Description of the IDu*tr*tive Embodiments 
i apparatus and method for forming a weDbore casing 



subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a weDbore, *nd then extruding fr* 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the weDbore to be joined using an owlappingjomtthfltprgvmtitfliti^ 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an existing tubular member by ffrp«nHfTi g ^ 
tubular Tnrmhffr into engagement with the tubular member. The 

apparatus and method farther minimizes the reduction in the hole sire of the 
weHbore casing necessitated by the addition of new sections of weDbore mmg 
An apparatus and method forformingatie4)acklineriisangan OTpnndnMo 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extrudings tubular member offofa mandrel fay pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 



produced. The apparatus and method further permits adjacent tubular members 
in the weDbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method further perm 

to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the m'sting tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 



permit the interior i 











LS 



ml drilling apparatus. 
In this manner , in the event of a malfanctionm a dcrwnhole region, the appara^ 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 weDbore is also provided. Hie apparatus and loethod permit a tu^ 

attached to an existing section of casing. The apparatus and method farther have 
application to the joining of tubular members in general. 



Beferring initially to Figs. 1-5, on embodiment of an apparatus and method 
for forming a wellbare casing within a subterranean formation will now be 
described. AsflfaslxatedmFifr l,awellb^ 
formation 105. The vnflborelW includes an e^ 
6 tabular casing 115 and an annular outer layer ofcementiao. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drffl string 126 is used in a well known manlier to drffl out inateri, 
subterranean formation 105 to form a new section ISO. 

As illustrated in Fig. 2, an apparatus 260 for femmig a wellbore casing m 
10 esubteiraneanfcttTnat^ 

100. The apparatus 200 preferably mefad- ^ ^a.^ n, nnrfrr1 „, p ^ - Qc a 

tubule D^ember 210, a shoe 215, a lowe^ 

fhrid passage 230,a£fomiaa8agB235;aib^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. Tha expaiidable mandrel 205 is prefcrab^ 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional cominerciidly available expandable mandrels modified in 
accordance with the teaching, of the present disclosure. In a preferred 

50 enux>diment,tbeexpaiulabfemand^ 

aadoeed in US. Patent No. 5,846\095, the conteirtoof whkhaxe ii«^rated 
herein by reference, modified in accordance with the teaimu^ 
disclosure. 

The U2bularmer a ber210i8 supped ^ 



extruded off of the 



25 tubular member 210 is expanded in the mdid direction 

expandabfe inandrel 205. Tie tubular member 210 may * labrfeated 
number of conventional commamauy available materials such as, for exam* 
Country Tubular Goods (OCTQ), IS cbxomium steel tubing/casing, 

210 is 



_____ 1 


■ 


UL 






• 



plastic tubing/casiiig. 
30 fanricatedfromOCTGteordertomax^ The inner 

and outer caameters of the tabular member 210 may range, for exempted 



.05 to 48 inches, respectively. 



rred 



embodiment the inner 

about 3 to 15.5 inches and 3*5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a pi^erred embodiment, the end portion 2 

is slotted, perforated, or otherwise m 

when it completes the extrusion of tubular member 210. In a prefe rred 
embodiment, the length of the tubular member 2 10 is limited to mm*™^ the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
m itf^g th t 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. Hie shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an ahiminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the tewchingftof the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenablefltiidk celling inaterialmto the 
region outside the shoe 216 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball BeaHng member. In this manner, the fluid passage 240 
can be optimally sealed ofifby mtrodiicmg a plug, dart and/or ball sealing elements 
into the fluid passage 280. 



I » # » j m * r * 



by the 
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The lower cap weal 220 is coupled to and saps 
260. The lower cup seal 22 0 prevents foreign materials from entering the interior 
region of the tabular member 210 adjacent to the ~t«™i.ia. mmwtrrl 305. The 
lower cop seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SD>) cope nMdinedmann oT Tlmre with the teacfan^ ^ 



a preferred embodiment, the lower ram seal 220 comprtoaSIPc^aeal, av ailable 
from Halliburton Energy Services in Danas,TXmordertooptimalh7 block foreign 
material and contain a body of lubricant 
10 Tb* upper am seal 225 is coupledtoa^ 
260. The upper eupeeaimpreveuta foreign 

region of the tubular member 210. Theupper cup aeaJ226may annpriseany 
number of conventional commercialb/ available cup seals each as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cop seal 225 coinjirises a SIP 
cup, available from Halliburton Energy So 

klock entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fhudic materials to be transported to and 
fromtim iiiterior regam of the tub^ 
20 205. The fend passage 230 is coupled to and positioned within the support 
inember 260 and the expandable ntandral 206. The fluid passage 230 preferably 
extends from a position adjacent to thesurface to the bottom of the exp^ 
immdrel206. The fluid passage 230 is preferably poaithmedaloiigacenterlineof 
the apparatus 200. 

26 The IhiM parage 230 is prtf^ 

operation, to transport materials sueh as drilling mud or fornuu^ionf^ 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
pai in order to minimise drag on the tubiuax inember being nm and to^ 
surge jmsssures exerts on the w 

30 and lead to hole collapse. 

The fluid passage 235 pennitefhiid^ 
passage 230. In this manner, during placement of the apparatus 200 within th« 



new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular memb er 210 

thowEhy mmimi ring nirgP pr**sa\rt*i nn thft wellbore fiftrtkm 1 30 ThefhlidpaSSage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllabfy 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressurea. The 
fluid passage 235 is preferably positioned substantially orthogonaltotte 
10 of the apparatus 200. 

The fluid passage 235 is preferabfr selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaflonafainnte and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkly isolated from the region exterior to the tubular member 2 10 . This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or eposes at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 



10 



includes an inlet geometry that can receive a dart and/or a ball sealing nhrr 

In this manner, the fluid passage 240 can be sealed offbyintrodndngaphiRdart 

and/or ball sealing dements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theeeala 246 are further posi^ 

the eim portion 2H) of the tubular m The seals 245 permit the 

overlapping joint between the end |>ortion 270 rfthe caamg 116 and the 

260 of the tubular member 210 to be flmdicly sealed 

any number of conventional commercially availabl 
0 lead, rubber, Teflon, orepoxy seals modified in acco 

the present disclosure. In a preferred em 



wth the teachings 
it, the seals 245 are molded ft 

ratalockepo^availal^nw Halliburton En 
cptmmuy provide a load bearing mterfereiice fit between the imd ^ 



15 



existing casing 115. 

to optimally 



ifBdent fictional force to support the exposed tubular number 2 10 from the 

M. * _ • — — _ 



existing casing 115. In a preferred einnodiment, the fractional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The svippcirt member 250 is coupledto^ 

member 210, shoe 215, and seals 220 and 226. The support member 250 
preferably comprises maimulariiumuw 

apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support «imil)er 250 fbrther memoes oro 
25 centralism (iwt fltastwted) to h^ 

In a preferred embodiment, a c^umt^ 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. Inthiamimner.theerfniata^ 

ofthe expandable insndrel 205 isf^^ The lubricant 275 inay comprise any 
30 number of conventional commercially available 
Lnhriplate, chlorine baaed fabricaata, 
(3100). In a preferred embodiment, 
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pie, 

or Climax 1500 Anflrieae 
ises Climax 1500 
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Antis iete (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to fecfliate the e xpansion 



In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to aaBembJy to the remaining portkma of the apparatus 300 In thia manner, 
the int roduction of foreign material into the appuwifaif i 200 i» mmi™ j rff j Thia 
minirmirft the possibflifr of foreign material clogging the various flaw passages and 
vaivea of the apparatus 200, 

In a pre fer red mnhnrfhnmt, hftfmm or after pftgiH/mfag the apparatus 200 
10 within the new section 130 of the wdlbore 100, a conpte 

drcolated in order to ensure that no foreign materials are located within the 



apparatus 200 and to ensure that no foreign material interferes 



15 As illustrated in Fig. 3, the fluid passage 285 is then dosed and a hardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid pa ssage 

20 240. The material 305 then eiits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion ofthe annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

26 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 galUmsAnin, respectively. The optimum flow rate and operating pressures 
vary as a Amotion of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fhiidic inaterial being 
pumped. Tneoptinmm flow rate and operating 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any rrumber of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, dag mix. cement or epoxy. In e preferred »mi» M « nmi t. the 
hardenablfi fluidk eealing material 305 comprises & bknded cement prepared 



Halliburton Energy 



specifically for the particular well section being drilled fro 
Services in Dallas, TX in order to provide optimal am^crt for tabular member210 
5 while also majntammgoptiironn flow characteristics so aa to minimize difficulti es 
diiriiigtheclisnlacenientofceme^ The optimum blend 

of the blended cement la preferably determined using conventional empirical 
met hods. 

The annular region 316 preferably is filled with the material 805 in 
10 auftkierxtirpantitieatoeiiaore 

210, the annular region 815 of theriewaw^lSOoftbewellborelWwfflbefiDed 
with material 805. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 

t hic knasH and /or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 

apparatus 2(Wm positions m the weDbore with ti^ Purthermore, in 

tbm manner, the mitiation of ti^ 

during the extrusion process is optimally facilitated. 

Aa fflustrated in Fig. 4, trace the annular region 315 has been adequately 
20 with material 305, a plug 405, or othw 

fluid passage 240 thereby fluidkry isolating the interior region 310 from the 

annular region 315. In a preferred ««nii>i«Hm T nt t » non-hardenable flnidic ™«»teriBl 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise, m this manner, the mteriorrf the expM 
25 not c ontain rignifieant amounts cfcnredmaterial 305. Tbia reduces and simplifies 

the coat ofthe entire process. Alternatively, the inatorial 305 ii^ 

this phase of the process. 

Once the interior region 310 becomes surB^aenth/pressttrired, the tubular 
member 210 is extruded off of the expandable mmrdrel 205. During the extrusion 
30 proceaa, the expandable maiidrd 205 inay be rai^ 

the tubular member 210. In a preferred embodiment, during the extrusion 
proress,tbeinandrel205israisedata 
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r 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 

the extrusion process is commenced with the tabular member 210 positioned above 

the bottom of the new weObore section 130, keeping the mandrel 205 stationary, 
and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 



down the new wellbore section 130 under the force of gravity. 



The plug 405 is preferably placed into the fluid passage 240 by introducing 
the phig 405 into the fluid passage 230 at a surface location in a conventional 
manner* The phig 405 preferably acts to fluidicly isolate the hardenable fluid tc 
10 floflHwj iytfttgrfoi 80S from the non hardanabls fluidic material 306. 

The phig 405 may comprise any number of convfaittonal comntercially 



available devices from plugging a fluid passage such as, example, Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings o In 

15 a preferred embodiment, the plug 405 comprises a MSG latch-down jdug available 
from Halliburton Energy Services in Dallas, IX 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 pa and 30 

20 to 4,000 gallonaftnin In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 2 10 is mtnimtxH In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3,000 gallonVmin in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects win be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 

30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thicknesa of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 



-14 



theinnerdiameter, and the greater thejield rtw^ofthetulmlar member 210. 
then the greater the qperatmgpressu»^ 
210 off of the mandrel 205. 



Far typical tnbul« me nibe ra 210, the ext^ 
5 off of the e xp an d able mandrel wfll begin when the pressure of tt 
310 readies, for example, approximate^ 600 to 9,000 pei. 

During the extrusion process, the expandable mandrel 2< 
out of the expanded portion of the tnbnhu- m«m>fc~ qia - 



rior region 



II i -j j i 



example,fromabout0to5ft/8ec. Inapreferredembodm^d^thaex^^ 
10 P^^tboexpandabfenmndreimiarm^ 
tubularmend«210«tratesr.ngingfi^ 
the time required fir the expansion nmean whik.t^. 



the 



£ easy control of 

Whan the end portion 260 of t^tob^ 
16 eipiindaUo inand^ 

tabular ir^ 210 wiU 

port«m270ofthe<^ OHecontact 
pressure of the cnreri^p2ngjointmvraa>ge.l 
to 20,000 pal In a preferxed embodiment, the 
20 joint ranges from approximately 400 to 10,0C 
Pressure to activate the 
resistance to axial 



50 



sealing 



1 1 ■ t < # , • i 



a to 



J tensile 









1 





The overlappingjoint between the section 410 of the existingcaamg 1 16 and 

2R ^^^ rf ^^-^«^210 I »^eral^pro^d W .^ 
26 andfhumcseaL ^Parfccularfrpref^ 

ojrtinmlfyprovideaflujdkan^ 

Inapreferredeinbodiii^ 

i-^ fl uid^ n ^306iaamtrc^ 

marKlrdmreache, the end portions of ^ fc m 

30 ^tom^r^*,^^^.^^^^ 

tubular n^210off of the exparaiablen^205^ Ina 
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preferred embodiment, the operating pressors is reduced in a substantially linear 

fashion from 100% to about 10% during theendcrftheertiiakmpitxessbeg 
when the mandrel 205 is within about 5 feet from completion of the extrusion 



Alternatively, or in 









.- 1 ft 1 







member 250 in order to absorb the shock caused by the 
The shock absorber may comprise, for example, any conv 



>, a shock absorber is provided in the support 

release of pressure. 



ial comnBs rcislly 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluSdic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the tipper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 1 5 is satisfactory, 
then anyuncured portion of the material 305 within the expanded tubd 
20 210 fo then removed in a conventional mam 

uncured material out of the interior of the expanded tabular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mfll is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As flkutrated in Pig. 6, preferably any remahiing cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed fay drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Rg. 6, the upper portion 260 
of tbe talwJar ineaiber 210 inda^ 

morepressarerelkfhdeaeiO.Inthiam 

lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
fnirmces of the tubular nieinbar 210 » « 

In a preferred emoodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of tha upper portion 260 of the 

sealin g 



10 ««nib«s«KarebondWo^ 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last lew feet of tiia tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand tteuimerpwiion 260 of 
the tubular member 210. This reduction in required operating pressure m turn 

15 reduces the velodtytf themes 

process. This reduction in velocity in turn rninimi^ tt> rr^y,.^ nho(± to ^ 



1 1 •:• it 



the completion of the extrusion process. 
Pig. 7, a particularly preferred embodiment of an 
5 a casing within a wellbore preferably includes an 

r705, an e xpand a ble mandrel or pig contain er 710, a 
tulmlar member 715, a flc* 

aftoid P a^735,afhndpasaage740,asu 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandabfeiiiano>el7()5 is coupled to 

member746. The expaj^k mandrel 7W5ia farther cou^ 

mandrel container 710. The expandable mandrel 705 is preferably adapted to 

controflabry expand in a radial direction. The expandable insndrel 705 may 

comprireanynunu^ofcmrei^ 

30 modifiedmaccxmlanre with the teachh^ In a preferred 

embodiment, the expandable mandrel 705 eonmriare a h^rau^ 
substantially as disclosed in U A Pat No. 6^48,095, the contents of which are 
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incorpcrated herein by reference, modified in accordance with the tp***™^ 



Hie expendable mandrel contaii 
jport member 745. The expandable 
the expandable mandrel 705. Thee 
istructed from any number of 



tal commercially available materials 



example, Oilfield Country Tubular Goods, 



• !»:»< Hilt 



ior 



strength 



10 



gals. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 
material from which the tabular misnber 716 b fabricated. In this manner, the 
container 710 am be fidiricated from a tubular material having a thinner wall 
t hickness than the tubular member 210. Hiis permits the container 710 to pass 
through tight clearances thereby farttfortW *~ placement v 





rm 







begins, 



15 t hic ke r , lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular croas-aectkm. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular 

The tubular member 715 preferably includes an upper section 805, an 



intermediate 



810, and a lower section 815. The upper section 805 of the 



715 preferably Is defined by the region b eginning 



Mtltl 



of the mandrel container 710 







TV*T» 


I 





820 of the tabular 



member 715. Hie intermediate section 810 of the tubular member 715 is 
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preferably defined 1^ the r^^begm 

contain 710 and endi^ ^ 

lower section of the tubular member 715 is preferably defined by the remon 
beginning in the Tianity of the mandrel 705 
5 tabular member 715. 
In a preferred 



ending at the bottom 825 



• < J 1 1 % 1 1 * 



ien^ftewdltlikkiiea8offl»iq^8ectam806of 
the tubular member 716 is greater than the waD thicknesses nfth»int — Hintr 

end lower sections 810 and 815 of the tabular meinber 715 m order to optimauy 
ffcdliatetheinitiat^^ 

700 to be jwsitmiiedm location ^ 

Tbe outer diameter aiid wan thicfajea <rf 
tabular member 716 inay range, for «xaini^toabooil.<)5to48inclwandiy8 
to 2 inches, respective^. In a preferred embodiment, the enter diarm*^ m ^ ^ 
tWcknesBof theuotjeraieHm* 8W 



15 to 16 inches and 3/8 to L6 inches, respectively. 

Theouterdiameterandwantbjckra 
tubul8xinember715 inay ninge, forex^^ 

to 1.5 inches, respectively. In a preferred exiuwdiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular 



I • I HI if t 



20 ft 



715 



inches. 



The outer diameter and wall tticloiesB of the lower eection 8W 
tubular menuw 715 inaynmge, to 

to 1.26 inches, respectively, ina preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range 
about 3.5 to 19 inches and 1/B to 1.25 inches, respectively. In a particularly 
preferred «nl>cdmumt,tte 
member W5 ta furtb» increaae^ 

d ri llahlp materials such as, for example, ahaninum are used. 



The tubular me mber 715 preferably 

i 



nrorises a solid tubular member. In 
a preferred emhortimmit, the end portion 820 of the tubular member 715 is alotted, 
perforated, or otherwise !iic<iified to 

completea the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 715 ia limited tn minimise rrambihty 
For typical tubular member 715 materia 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 farther includes an inlet passage 830 v and one or more 
jet ports 835. In a particularly preferred embodiment, the croaa-eectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or otha- similar 
element a l far blocking the inlet passage 830. The interior of the shoe 720 

840 for increasing the strength of the 
» the body of so lid material 840 



10 preferably includes a body of solid nil 
shoe 720. In a particul arly prefer r e d 
comprises aha 



-H 1 1 » » . » it 1 1 ! ; t M 



The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal U Down-Jet float shoe, or guide 
15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachin g s of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 
accordance with the teachings of the present disclosure, in order to optimize 
20 guiding the tubular member 7 15 in the weHbore, optimize the seal between the 
tubular member 715 and an existing wellborn casing, and to optimally fadliate the 
rval of the shoe 720 by drilling it out after completion of the extrusion process. 



4n I 



The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
25 region of the tubular member 715 above the expandable mandrel 705* The lower 



cup seal 725 may comprise any number of ^conventkmalccm im erdallyavaflaMecnp 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a pr e f erred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 
Halliburton Energy Services in Dallas, TO in order to optimally provide a debris 
barrier and hold a body of lubricant 



The upper cop seal 730 is coupled to and supported by the 
he upper cup seal 730 prevents fbnden material* from 



•'<• f'»l t 



ii r ■ ■ » ■ ♦ i 



?r cup seal 
Energy Services in Dallas, TX 
lain a body of lubricant. 



entering the interior 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number rfconventkmalcunmierd^ava^ ^ 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachingaofthepressnt di s clo sure. In a preferred ennjodhnent, the 
TOO comprises a SIP cup available from HaHfl 
in order to optfaaauy provide a debris ban 
The fhiid pssssgo 735 pi«mUa fl^ 
10 from thebiteriorregiOTcf the t^^ 
706. Thefhridpa^TSSisfhuVU^ 

P*«age 786 is prefcrabb/ coupled to and pcisitioned wftba the supp^ 

T ^'^^ anagabn 745 ' maDdxel "Ota*** 710, and the expandable 

sage 735 preferahb/ extends from aposition adjacent 
of the expandahla mand rel 706. The fluid passage 736 
ed along a centerline of the apparatus 700. The fluid passage 
. w - F x»«™o V selected to transport inateriala such as cement, drifi^ 
epoxies at flowrates and pressures ranging 

and500to9,0()0pBim««ler to p rO videsuffld^ 
30 the tubular member 716 offof theexpai.A.M. m 



IS to the surface to that 
is preferably 



< •J»Mlil 



during 



ofawefflwre, 



apparatus 700 witinn a new section <**v*abo Kt toltemaU^f^^ t i* 

fi^peesage735canbereleasedmtothewelW 
Inai»referTed embodhnent, theaw 

26 passage that » coupled to and pceit^ ^ 
I«aasure«aeaeepassagel.fur^ ^ 
pressure release passage preferably includes a 
opening and closing the fluid passage. Inapref 
valve iapresBureiicth«tedin order to contraOabh/ 



ml valve for controllably 



nihil Ml 



i*e surge pressures. The 

pressure mee^ passage ia preferably posits 

cente^ of the apparatus 700. The pzesaore release passage is preferably 

or epoxies at flow rates 



1 ^^fTlt, rirfllii^y 
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and pressures ranging from about 0 to 600 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a weflbore and to minimise surge pressures on the new weflbare section. 

The fluid passage 740 permits fluidie materials to be transported to and 
5 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fhiiriic mm™^ retirm 
with the interior region of the tubular member 715 bekm the expandabto mandrel 
706. Hie fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block fbrther passage of fluidie materials. In this maimer, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidity isolated from the region exterior to the tubular member 716, 
This permits the interior region of the 
mandrel 206 to be pressurized, 

16 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidie materials. In a preferred embodiment, the fluid 
passage 740 inc l u d es an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off fay introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a pre f ei i ed embodiment, the apparatus 700 further includes one or more 

seals 846 coupled to and supported by the end portion 820 ofthe tubular member 
715. The seals 845 are farther positioned on an outer surface ofthe end portion 
820 of the tubular member 716. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 716 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the fr^^e* ofthe 

-22- 



present disclosure. In a preferred embodiment, the seals 845 
molded from StrataLock epoxy available from Halliburton Energy 



bearing 



Dallas, TX in order to optimally provide a hydraulic seal and a lo* 
interference fit in the overlapping joint between the tabular "«"Vr 716 and an 
6 ezistmg casing with optimal load 
716. 

In apre&rred embodiment, (he 



the expanded 
embodiment, the £ 







— ♦ < 





optimally 



rt the 



716. 

t member 745 is preferably 



expand abl e 



705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strengt h to carry the apparatus 

15 700 mto a nra section of a wellborn Theaipportnieniber 745 may comprise 
cumber of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises coirventional drill pipe available 

20 from various steel mills m the Urdted States. 

In a preferred embodiment, a bodj of lubricant 760 is provided in the 
annular region above the erpan dablo mandrel container 7 10 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. Hie lubricant 705 may comprise 

25 any number of conventional ammerrially available lubricants such as, for 
example, Lnbriplatc, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antiaiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Oimax 1500 Antbaexe (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to iadliate the extrusion 

30 process. 

The overshot connection 765 is cmipledto the support meniber 745 and the 



support 



760. The overshot connection 755 p^^ 



member 745 to be removably coupled to the support member 760- The overshot 
connection 755 may comprise any number of conventional conrmeitialfr available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). He support member 760 
10 preferably comprises an annular member having su£BcieDi strength to carry the 

700 into a new section of a weDbore. The support member 760 may 
tse any number of conventional commercially available su ppo rt members 



such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. In a p re f erred 

15 embodiment, the support member 760 comprises a conventional drul pipe available 
tern steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabiliser 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbtocka modified in accordance with the teachings 

25 of the present disclosure. In a preferred fmhodimpnt, the stabiliser 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 



lilllMll 



Dallas, TX. 
In a 



f erred embodiment, the 



rt members 745 and 760 are 



thoroughly cleaned prior to assembly to the mnamtng portions of the apparatus 
30 700. In this manner, the i 



action of foreign material into the apparatus 700 
is minimized- This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a profaned embodiment, before or after positioning the apparatus 700 
within a new section of a weHbore. a ample •# - i » . . . 



foreign nartexiaJsew located 

5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material mterfenawith^ 

In a preferred embodiment, the apparatas 700 fa 
described above with reference to Figs. 1-7 to form a new 
awellbore. 

10 AsulnstratedfoFig.8.ma*^^ 

and anparatna described 1^ b uaed to rep^ 

by fbnnii^a tubular Hner810mside of t^ Iaa 
preferred embodiment, an outer annu^ 

. — i V mm mmm — 



per 









of casing wi thin 



In the alternative preferred 



16 materials can be used to earn 



t, any number of fhiidic 



id the tubular Mner 810 into intimate contact with 
the damaged section of tba wellbon casm^ 

slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
ma ^815arepreferabfy 

aaL In an alternative preferred embodiment, the 
*" "^^SlOia formed witbtoal^talfyp^ 
astb^usedtotranspcrthydrccarb^ 

in an overlappingrelationahip with the adjacent pipeline section. In this manner, 
underground pipeline 

damaged sections. 

25 In aiiother alternativB prefened embo^ 

described bm^iausedtodirectty ^ 
preferredenux>dlmeut,ancut CT 

the tubular linerSlOandtbewelW mth. alternative p^erredembcdiment, 
any number offb^ materials can be used to exp^ 

re such as, for example, cement, epoxy, slag mix, 

drilling xxxikL 
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Referring now to Figs. 9, 9a, 9b tad 9c, ft preferred embodiment of an 
apparatus 900 for forming a weDbore casing includes an expandable tubular 
member 902, a support member 904, aneipandibleisandrd(»']iig906 t anda6^ 
908. In p pn>frr~* ^K^Hrtmnt, the H^dgn and conatrnctkmofthe mandrel 906 

5 and shoe 908 permits easy removal of those elements by drilling them 

manner, the assembly 900 can be easfly removed from a wellbore using a 
conventional drilling apparatus and correepondrng drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion914. During operation of the 

10 apparatus 900, the tubular member 902 is preferab^extradedoffofthemandrd 
906 by pressurizing an interior region 968 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-eection. 

In a particnlpyfe preferred embodiment, an frrrgmdahle tubular member 915 
is coupled to the tipper portion 910 of the cxpandabk tubular member 902. During 

15 operation tfthe apparatus 900, th^ 

rrfth* TT.n™Wl QOfi hy prewnrmng the interior region 966 of the tubular member 
902. The tubular member 915 preferahly has a substantially annular croes-Bection. 
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In a preferred wnhodhnerit. the wall thickness of the tubular member 915 is 
greater than the wall thidmess of the tubular member 902. 

The tubular member 915 may be fabricated from any number of 
conventional commercially available materials audi as, for example, oilfield 
ibulars, low alloy steels, titanium or stainless steels. In a preferred 



the tubular 











i 



916 is fabricated 



it, 

i optimally 

provide approximately the same mechanical properties as the tubular member 902. 
In a particularly preferred embodiment, the tubular mento 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield The tubular 



Ina j 





* 


ft- *** 




Tea 1 


Villi 


IIJ till 



plurality of tubular members coupled end to end. 
ant, the upper end portion of the tubular member 



30 915 mclndes one or more sealing membra 

gaseo us seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tabular members 



902 and 916 are limited to 



llll.tlnlr^. 



e possibility ofbuckHng. For typical tubular 
member mstftrfala, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20, 000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate eliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available goch ^ for example, oilfield 

tubular* km alloy iteel^ Inaprefen^einbodiment, 
the tabular member 902 ia fabricate 

provide a pproxim ately theaamemechankal properties aa the tabular member 916. 
In a particularly preferred eniboo^ment, the tubular member 902 haaaplai 
15 point ranging from about 40,000 to 136,000 pai in order to optimally 
approximately the same yield properties as the tubular member 915. 



Ham wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may rang**, fnr «ramp 1p frnm about lA6tol.5 
inches. In a preferred anhndfmftn^ the wall fK^irrw^p of the "PPT, fate r" 1 ***™ 

20 and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
1/8 to UK in order to opamaQy provide wall thickneas that are about the same as 
the tubular member 916. In a preferred ^w^^^f ^ y^n th^im^ of the 
tower portion 9 14 is less than or equal tothe waM thickness of the upper p^ 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
andtowi*portions,910,912an^ 

i the moat 



o mi to ip inches m order to optimally provide the ability 
commonly used oilfield tubular*. 
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The length of toe tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may any number of conventional 

5 coiiiingmally available 
of the present disclosure. In a pr e fe rred embodiment, the tubular member 902 
rnrnjtr fK1fi<>JH Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members Tr"**'*™** in accordance with the teachings of the 

10 present disclosure. In a pretoed embodiment, to 
CKlfieM Cotmtry Tubular Goo^ 

The various elements of the tubular 
n umber of conventional process such as, for example, threaded connections, 
weld i ng or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
mgrnhof QQft mj*y mmprifle a plurality of tubular elements that are coupled end to 
end The various elements of the tubular member 9 15 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tabular 
member 915 may comprise a plurality of tabular 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded con ne cti on s, welding or 

machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 918, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferabry supports^ 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section- 

30 The support member 904 may be fa bri cated from any number of 
conventional commercially available materials such as, lor example, oilfield 
tubulars, bw alloy steel, coiled tubing or stainless steel. In a preferred 
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embodimen t, the support member 904 fa fabricated from low alloy steel in order 
to o ptimally provide hjgh yfaM «*r«m£rt]h 

The innerstring adaptor 916 preferably is campled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Hie fluid passage 918 fapreferabfyuaed to c^veyftaidsandothermatorials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
fa fluidicfy coupled to the ih^ In a preferred embodiment, the fluid 

10 passage 918 fa mad to >^>ku m ifa g mfftnrinlfl ^ ^ frQJn ^ 

apparatus900. Inapartienlai^pwitewdmbodia^ the fluid passage 918 may 
inchide one or more pressure relief passages (not illustrated) to release fluid 
pressure duringpcMftifmmg ofthe apparatoaBOO within a weMbore. In a preferred 
embodiment, the fluid passage 918 ia positioned along a longitudinal centerline of 

16 the apparatus 900, In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance ofhardenabk fln«i> materials "p^rat*^ pressures 
ranging from about 0 to 9,000 paL 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. The upper guide 920 preferah^ fa edited to 

20 within the tubular member 916. Hie upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from 

to optimally guide the apparatus 900 within the tubutar member 915. 
26 ThecoupUng922couplesthesuppo^ The 
coupling 922 preferably comprises a conventiond threaded conn^ 

The various elements ofthe support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connectkms or machined from one piece. In a preferred embodiment, the various 
80 elements of the support member 904 are coupled using threaded ccnnectiopa 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, slower cone retainer 930, abo^y of cement 932,alowerguide 

* 
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934, an extension sleeve 936, a spacer 938, a housing S40, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrd946,ahibricator8leeYB948 > agu^ 

950, and a fluid passage 952. 

The retainer 924 is coupled to the fabricator mandrel 946, 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 



til II ll* u 



of conventional 



cross-section. The retainer 924 may comprise any 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to to 

946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
fbreignmaterialginto the interior regfan 972 ofthe tubular member 902 bel^ 
rubber cup 926. The rubber cup 928 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 



16 Inje 



Packer (SIP) cup. In a pr e fe rred embodiment, the rubber cup 926 



comprises a SIP cup available foam Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 mranto 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimal^ provide fa process. 

The expansion come 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 



ant, during operation of the 













lill 



the upper cone retainer 944. In a preferred 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The exnwnmrm rrme 928 preferably h*a a nnW.mfri.ifr nn Tm1nr rrocn mxtion. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wan thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred enmodiment, the wail 
t hicknes s of the expansion cone 928 ranges from about 0.25 to 0. 7S inches in order 
to opthnalfr provide adequ ate qaanr eaatvB itwngth with minimal "r mtfiinl The 



10 



• Clod DUllj 



outside diameters of the expansion cone 928 m 
for example, from about 1 to 47 inches. In a jae&rred embodiment, then 
and ininiinnm ootaide dimnetew 

to 19 in order to optimally provide expansion of generally available oilfield tubolars 
TheexpansioDcoiie928maybefabri 
16 ooamner cialjy available materials such as, for example, cer amic, tool steel, ti tanium 
or low alloy steeL Inapreferredemlxxfiment l tto 

tool steel in onlertooptimalfrpr^ 
The surface hardness of the outer surface ofthe expansion cone 928 may raiige, to 
sample, fhrai about 50^ In a pnrferred embodiment, 

20 the surftohanlness of the outer surf» 



al 



o «oc*weu u to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhorimirnt, the expansion cone 928 is heat treated to 
optima^ provide a hard 

optimally provide abrasion resistance and fra<4are toughness. 
25 The lower cone retainer 930 is coiqried to the expansion cone 



preferred ^WHfmtmt. 



aid the 



cone 



Preferably, 



928 is prevented by the lower cone retainer 
retainer 930 has a substantially amx 

The lower cone retainer 930 may be fabricated ton any number of 
30 conventional c ommmrf aD y available m a t e ri als such as, fig enmpl^ i*™^ tool 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardnese of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges fromabout 58 RockweD C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral cmeideeedeinent in order reduce the inmi^ 
of components and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferab^ mates with the inner surfeces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearmg structure for the mandrel 906. 
The body of cement 932 further may be easuy drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

Hie body of cement 932 may comprise any number of conventional 

20 commerdaQy available cement compounds. Alternatively, ahimiimm , cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially a nn ular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 Duringoperation of the apparatus 900, the lower guide 934 preferably he^ 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubnlars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 984 prefimib^ mates ^rfth the imua-sur^ 

A— 1 1 « — . 



of the tabular member 902 to provide > eliding 

Tbeextenaonaleeve838iscoapledtotljelow^ 
940. During operito of tlu»appeiwM 
5 helps guide the inovenjent of the mandrel 906 wi^ 
The extension sleeve 936 preferably hag * snbetantfalhr «»mi Pr rma axa^ 

The extension sleeve 938 may be fabricated from any number of 
conventional commercially 
tubulars. low alloy steel a 
10 eztensi0nsleeve936i8fabricated^ 

bighyieM strength. Theom^siirfaceoftheextensiOT 

with the inner surface of the tabular member 902 to provM* » ,k^ c m Ina 
preferred embodiment, the extension akeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components 



lple, oilfield 
embodiment, the 



se the strength of the apparatus. 
The spacer 938 is coupled to the seating sleeve 942. The spacer 938 
preferabh/inctadeathaltaidn 

tube 960 ofthe shoe 908. Intms nuuuuu-.aphjgor (lart can be conveyed 
surface through the fluid paasages 918 and 962 into the fluid passage 962. 
20 Preferabry.tlie spacer 938 has a 

The spacer 938 may be fabricated from any number of conventional 
cormneraafly availah^ 

mm. In a preferred embodinumt, the spacer 93^ ^ 
to optimally provide drillability. The end of the spacer 938 preferably ma tes 
26 with the end ofthe extension tube 960. In a preferred embodiment, the spacer 
938andtheeeanngsleeve942are^ 

to reduce the innnber of conni<men 

The housing 940 Is (xmpled to the lower gmde 93*. extenston sleeve 936, 
exi>anaion cone 928. body of cement 982, and tower cow retainer 930. During 
30 operattonrftb* apparatus 9OT,tte 

motion ofthe expanston cone 928. Preferably, tdehonaiz.g 940 baa a substantia^ 
""uulnrrmnn section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield lobulars, low aOoy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 p re fer red embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to ™tihwi«p the number of 
coxnponents and increase the strength of the apparatus. 

In a particularly preferred em 
940 includes one or more protrusions to fecfliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleew 942 is preferably <^ 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially wrmnin r 



The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a p re fer red embodiment, the sealing sleeve 942 is fabricated from 
aluminum in order to optimally provide driflability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate tie cormertion between the 



sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expanses 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 



34 



The upper cane retainer 944 may be fabricated from any number of 
commer cially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 

is fabric a t ed fr om ahrnirninn in order to Q|»tiiiisI^|nOTldadriIlabiU^ of the upper 
6 cone retainer 944. 

In a partifTilariy nreftmeJ embodiment, the upper mix* rutaiTwr 044 R 
ares-sectional shape designed to provida increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 baa a oos3-sectional shape 
that is substantially I-abaped to provide increased rigidity and militarise the 
10 amomitofzDafmialtiiatmmidhavetobedruledoul 

The lubricator mandrel 646 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
Daring operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably, the 
lubricator mandrel 946 baa a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
fabricate d from shnzrixmm in order to optimally provide drillahffity of the 
fabricator mandrel 946. 

The lubricator sleeve 948 la coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 928, tbem^ com 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 928. Preferably, the lubricator 

sleeve 948 baa » substantially wnimlnr cmiro section 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 ia 
30 fabricated from aluminum in order to optimally provide driHability of the 

lubricator sleeve 948. 
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As flhxstrsted in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 mtani supports the rubber cup 

926. The retainer 924 couples the nibberc^ 926 to the tabricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 

5 mandrel 946 t fabricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
960 preferably guides the apparatus on the support member 904. Preferably, the 

10 guide 950 has a substantially annular crosa-eectkm. 

The guide 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment! the guide 950 is fabricated from atammum 
order to optimally provide drillability of the guide 950. 

15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus* the fluid passage 952 preferably conveys hardenable fluidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the center-line of the apparatus 900. In a particularly pre f erred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 

20 and flro rate rangmg from 

to optimally provide pressures andflow rates to dfaplace and drcu^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 maybecoiq^usin^anynumber 
of conventional process such as, for example, threaded connect ions , welded 

25 connections or cementing. In a preferred e^nbodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementm g . 

The shoe 908 preferably includes a housing 954, a body of ce ment 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet Jets 964. 

30 The horusing 954 is coupled to the bc^c^cement9W and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and pnwtionfng of the tabular member 902. 
Preferably, the housing 954 has a substantially annular cross-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials audi as, lor example, steel or aluminum In a 
6 preferred emhoriimpnt, the boosing 954 is fabricated from aluminum in order to 
optimally provide dri!labih^ofthehoiiaiiig954 

In a particularly preferred embodiment the Interior surface of the ho using 
954 includes one or more protruaiona to facfliate the connection between the body 
of cement 956 and the housing 954. 
10 The bodfr of ce me nt flfifl jaemplfld fa* the hmtjrfng 954, the m iling nlfirrp 
958. In a preferred -embodiment, the c pmp o eitton of the body of cement 956 is 
selected to permit the body of cement to he easily drilled cmt using conventional 
drilling machinee scad pro c ess es. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfllable 
material such as, for example, alu^ 
of cement 956. 

The sealing sleeve 958 is coupled to the bo4yofcement956 v the extension 
tube 960, the fhiid passage 962, a^ During operation 

20 of the apparatus 900, the seating sleeve 958 preferably is adapted to convey a 
hardenable fhxidic material from the fluid passage 952 into the fluid passage 962 
and then into the cwtlet jets 964 hi order to h^ 

into an annular region external to the tabular member 902. La a preferred 
embodiment, during operation of thea^aratufl900, tbesealiiigaleew958furt^ 
25 includes an inlet geometiy that permits a conventio 

k)dgedm the inlet of the sealh^ In this manner, the fluid passage 962 

may be blocked thereby fhii^^ 
member 902. 

In a preferred embodiment) the sealing sleeve 958 has a subs tanti al fa r 
30 annular croes-sectian. The sealing sleeve 958 may be f^ricated from any nuinber 
of conventional commercially available materials such as, for example , steel, 
aluminum « cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabifcty of the sealing 
sleeve 958. 

■ 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further indudee an inlet 

10 geometry thai permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid panage 962 is blocked 
thereby fltridktyr isolating the ulterior region In 
apreferred embodiment, one end of the extension tube 9OT 
the spacer 938 in order to optimally faraliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 96X)niay be fab^ 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred embodiment, the extension tube 960 is 
20 fabricated from pn*™*™*™ in order to optimally provide driDabihty of the 

extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xten si on 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeri 
the apparatus 900. In a pa r ticula r ly p r ef erre d embodiment , the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
raiigmgnxwm about 0 to 9,0M 
provide fluids at operationally efficient rates. 

30 The ontletjeta 964 are coupled to the sealing sleeve 958, the extension tu^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 

908 includes a plurality of outlet jets 964. 

In a preferred anbodnr^ 
the housing 954 and the body of cement 966 in ord 
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using any number of 



5 of the apparatus 900. 

The various elements of the shoe 908 may be 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of nuiteriaL In a preferred em^^ 
elements of the shoe 908 are coupled using cement 
10 In a preferred mii 

descrmed above with reraxmw 

weuboie or to repair a weUboro casing or p^elme. 



In particular, 



a weHbore into a subterranean for 



a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then positioned m thenar In a particularly 

preferred emb o dime n t , the apparatus 900 includes the tubular member 916. Ina 



preferred 



• Mill 



passage 918. The 



20 material is then pumped from a sur&ce location into the fit 

hardenable flniiHr sealing material than pesaes from the fluid passage 91 8 in to the 
interior region 966 of the tabular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable iluidk sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fifls an annular region between the 



exterior of the tubular member 902 and the interior waD<rfthe new section of the 
weHbora. Continued pumpingof the hardenah^ 
material to fill up at least a portion of the annular region. 

The hardenable fluidic Beahng material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for exainple, from about 0 to 
5,M0psiand0tol^gailona^respectrrery. mapreferredembcdiment,the 
hardenable fluidic sealing nMrterialu 



and flow rates that are designed for the specific weUbore section in order to 
optimize the displacement of the hardenahle fluidic sealing material while not 
creating high enough drcolating pressures such that tircolationmi^^ 
that could cause the wefflxrre to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenahle fluidic sealing material may comprise any number of 
conventional commercially available hantenahla fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenahle fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tulsular 
member while also maintaining optimal flow characteristics so as to minimize 
operational dHKmilH** during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The mwwiIot region preferably is filled with the hardenahle fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 

tubular mmlw QftS ftpmilai* wpginm of the n#»w section of the wallhore will be 

filled with hardenahle material. 

20 Once the annular region has been adequately filled with hardenahle fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby flnidfcfr i sedating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenahle fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenahle fluidic material In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently 
members 902 and 915 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. Daring the extrusion process, the mandrel 906 
is raised out of the expanded portion* of the tubular members 902 and 916 using 



member 904, During this extniskm process, the shoe 908k^ 
substantially stationary 
5 The plug or dart 974 is preferabry placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a sur&celocati 
a conventional manner. The phg or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Maltqde Stage C^menter(MaC)latdiHtownpl^ Iptrh-down 
10 plug or three- wiper latch down prog modified In accordance with the teachings of 



In a preferred 







.» m] 


t i •in* 



dart 974 comprises 



passage 962, the non 



40to 



a MSC latch-down phigavaaabtefrtmiHaffi^ 

After placement of the plug or dart 974 in the fh 
hardenable fluidic material is preferably pumped into ti 
15 pressures and flow rates ranging from approximately K 

3,000 gallona/min in order to optimal^ extrude the tubular membw 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 916 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximate^ 500 to 9,0<H> pal In a preferred 
embodiment, the extrusion of the tubular members 902 awl 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallon^minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodim^ 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

30 permit fuH expansion of the tuta 

hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extnided off of 
the mandrel 906, the outer surtax 

916 win preferably contact the interior surface of the tower end portion of the 
existing casmg to ibra an fluid ti^ The contact pressure of the 

5 overlapping joirtm 

a preferred embodiment, the contact pressure of the overlappmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approTir™^ 

pressure to activate the eeaBngmeinb«8aiid provide optimal resjatance mirb that 

10 the tabular member 915 and ezist^ 
compressive loads. 

In a preferred embodiment, the opera 
hardenahle fhndic material will be coptooBahr/ ramped down when the mandrel 
906 readies the upper end portion of the tubular member 915. In this manner, the 

15 sadden r ele as e of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be tnw^ff^ in a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extxusionr^ix^begmnmgwhen 
the mandr el 906 baa completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operate 
rate of the hardenahle fhiidic sealing material and/or the non hardenahle fhndk 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Alternatively, or in coinbinatkra, a shock absorber 

member 904 in order to absorb the shod caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906* 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fhndk seal of the overlapping joint between the 
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of the tubular member 915 and the lower portion of the existing 
conventional methods. If the fln idic seal of the owrlappjng 
joint between the upper portion of the tubular member 915 and the low portion 
of the existing casing is satisfactory, then the uncnred portion of any of the 
5 hBrdenabte flniriir fmnting material within the expanded tubular member 915 is 
thenreniOTedinacuuvriiLliiiultnfimwr. ThaWrf^M-^u aabng material 
within the annular region between the expanded tabufar member 915 im^ 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured ^1.^ fhHfr nrnHnc material w*>»™ 
10 the interim of the exjjaiid^ 

coiiYentimwlmimTwusingacqnventio^ mresultmg new section 

of easmgpreferabry mdudesttoexpamledtabulw 
outer annular layer of cured bardenable flnidic sealing materiaL The I 



portion of the apparatus 900 compriahu^ 

drilHng out the shoe 908 usirig conventional drilling methods. 

In an alternative etnbodiment, during the extrusion process, it may be 
necessary toremoro the entireap^ 

nal drill string is used to drill 



tea malfunction. In this circumstance, a conw 
out tbamtericn-flKAmns of the apparatus 
tb« remaining sections. In a preferred embodiment, the inters 
apparatus 900 are fabricated from n^ 

string to be employed to drill out the 



MMllMlHi 



al 

interior 

In particular, in a preferred embodiment, the 
sections of the mandrel 906 and afaoe 908, iiududing 
cement 932, the spacer 938, the sealing sleeve 942, tl 
the tabricator mandrel^ 

954, the body of cement 966, the sealing ilaeve 968, i 
are selected to permit «t W 

conventional dri^ fa this manner, in the event of a 

lownhole, the apparatus 900 may be easily removed from the 
weUbore. 



a guide 950, the homing 
the extension tube 960, 





SMI 
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Referring no w to Figs, 10a, 10b. 10c, lOd, 10e, lOS and lOg a method and 
apparatus for c reating a tie-back liner in a weUbore will now be described As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 

1002 includes a first casing 1004 and a second casing 1006. 
5 The firstcaaing 1004 preferably inckuksatobTuarliner l(M»and a cement 

annums 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement aimulus 1014. In a preferred embodiment 
ia farmed by expanding a tabular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-111 

10 In a particularity preferred embodiment, an upper portion of the tabular 
Ener 1012 overlaps with a lower pcrtianoftbetubxdar liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tabular liner 
1012 includes one or more sealing members 1016 for pr o vidin g a fhiidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig, 1 0b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

Tie expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the t eachin g s of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulke^>anston tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
inc or por ate d herein by reference, inodified in accordance with the teachi^ 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 

m 
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fabricated from any nnmber of materials such as, for example, Oilfield Country 

Tubular Goods, IScbroxniumtu^ Inaprefemrfe 

the tabular member 1110 is fabricated from Oilfield Country Tutm w n^fo 

The inner and outer diameters of the tubular member U10 may range, to 
example^ rxom appro^^ 

In a p/*fa*td embodiment, the inner and outer diameters of the tubular nw^^ 
1110 rangetoaboutS to 16^ inches ai^ 

to optimal provide coverage for typical oilfield raring erirea. The tubular member 
1110 preferably 



10 





• • • 


1*1 




use 



iaes a solid member. 
In a preferred embodiment 

is sbtted, poforated. or othenriae modified to catch or alow down the 
rel 1105 when it completes the extrusion of tubular member 1110. In a 
red embodiment, the length of the tabular member 1110 is limited to 
sanity of budding. For typical tubular member 1110 materials, 
15 the length of th£ tubular member 1110 kprefen^Iimitwi to between 
to 20,000 feet in length. 

Hie shoe 1116 la coupled fa> tho expandable mumdH i ™* and thft tim»i«- 
msmberlllO. Theshoe 1116mdudes the fluid passage 11S6. The shoe 11 15 may 
comprise any number of conventional commercially available shoes such as, for 
20 e»rap!e, Super SealHik^iboe, 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present diadoaime. In a preferred embodiment, the shoe 1115 
compriaea an ahmrinum down-jet guide shoe witoaeealingdeevefar a latch-down 



phig with side ports radiating off of the exit flow port avahable from Halliburton 
25 Energy Services in Dallas, TX, inodified m accordance wifc to 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlapbetween the tabular inemberllW 

isolate the mterior of the tubular member 1100 titer the latch duvra plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
SO expansion «nd ceinentmg operations. 



> preferred embodiment. 



h,M|id 



las one or more side outlet 



ports 1140 in fhiidk communication with the fluid passage 1185. 



manner, 
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the shoe 11 15 iqjecta harctenable fluidic sea lingmfrterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed offby introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the inters 
the tubular member 11 10 a4jacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1180 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerUne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally e ffi c ie nt rates. 

The fluid passage 1135 permits flnidlcmaterialatobe transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 



sectional shape that 



*'~* m 1 1 M * : 




plug, or other similar devke, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 11J0 below the expandable 
mandrel 1 105 can be fluldiely isolated from the region exterior to the tubular 

erll05. This permits the interior region of the tubu^ 
the expandahle mandrel 1105 to be pressurized. 

The fluid passages 1140 arepreftrahhr positkmedalangthe periphery of the 
ahoelllB. The fhiid passage* U40 are prefer^ 
10 such as cement, drilling mud or epoxieeat flow n 

ebout 0 to 3,000 piTVmn/minute and 0 to 9.000 nai in tmfar to np+^.ny m thc 
aninflarwglon between the tubiito 

fluidie materials. In a preferred embodiment, the fluid pnssages 1140 inchide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

16 manner, the fluid passages 1140 can be sealed off by mtroducing a plug, dart 
and/or ball feeling elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the Bhae 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that fa edai*ed to reo^ 

20 other afanilardevira, to permits 
to be fluidicly isolated from the ext 
The seals 1145 are coupled to 













1 



tubular member 1110. Theseafall45aromrtherpc>8r^ 
of the lower end portion of the tabular member 1110. The seals 1145 permit the 
overlar^jomt between the upp^ 
end portion of the tubular member 1110 to be fluidicry sealed. 
The seals 1145 may comprise any number of convi 



al commercially 



; Teflon or epoxy seals modified 



available seals such as, for example, lead 

in accordance with the teachings of the present diadosure. In a preferred 
30 embodiment, the seals 1145 comprise wwlRmotded from Stratalndr pp^y 
fix>m Halliburton amrgy Service. 
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hydrauficsealmtheovar^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a s nffiriftnt frirtionnl force to support the expanded tubular memb er 1110 from the 
5 tubular liner 100& In aprdfar^ 

seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tabular member 1110. 

The support member 1150 is coupled to the »»r«HpMf mandrel 1105, 
tubular memb er 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having 

apparatus 1100 into'the wdlbore 1000. In a preferred rmhodhnrnt, the support 
member 1150 further indodes one or more c onv entional centraHscra (not 
illustrated) to help stabinre the tubular member 1110. 

In a pre f erre d embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lnhriplflt*, ^hlnrrma hnwftH hibricantaor Qimax 1500 Antiseixe (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3 100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support mmberl IS) is thorougWy cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 is minimised. 
This nrinhnixea the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly p re f erred embodiment, the apparatus 1100 includes a 

80 packer 1155 coupled to the bottom section of the shoe 1115 for fluidkly isolating 
the region of the weUbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from entering the regionof the wellbore 1000 below the 
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ing the apparatus 1100 

to 



apparatus 1100. The packer 1166 may comprise any number of conventional 
c ommer cially available packers such as, for g—mplf,, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred enuxxhment, the packer 
1156 comprises an EZ Drill Packer available i^BalBnizton Energy Services in 
5 Dallas, TX. In an alternative emb o diment a high gel strength pill may be Bet 
below the tie-backmplace of the packer 1155. In another alto^ti^^^^^f 
the packer 1155 may be omitted. 

In a preferred wmtwrfifpym^ before Of after I 

within the weHbore 1100, a couple of weDbore voh 
10 ensure that no for eign materi als are located 

dog up the various flow passages and valves of the apparatus 1100 and to eiisure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As flhjstrated in Fig. 10c, a haxdenable fbidfcseahnginaterifd 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
memberlllO below the expandable mandrel 1105, The material 1160 then passes 
from the interior region of the tabular member 1110 intothefluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tabular member 1110 and the interior wall of the 
tabular liner 1008. Continued punu^cf the material 11W 
1160 to fill up at least a portion of the annular region. 

The materiidllW may be pumped m 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galbns/mforespedive^ 

into the annular region at pressures and flow rates spedficalfy designed for the 
casing rises befog ran, the annular spaces befog fflled\tte 
available, and the properties of the fluid being ptnnped. The optimum flow rates 
and pressures are preferably c almlntod using conventional empirical methods. 

30 The hardenable fluidic sealing irmtmal 1160 may comprise any number of 
conventual coimnerciafry available bardenable flnidir sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1 160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TXin order to optimaHy provide proper support for the tubular 
member 1110 whOe maintaining optimum flow characteristics so as to minimise 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion ofthe tubular member 1110, the 

10 ftjimilar region wfll be filled with material 1 160 . 

Aa illustrated in Fig. lfld, once theannnlarregionhas been ftfteqrtatcrjfiDcd 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluidicry isolating to 
region of the tubular member 1110 from the annular regmnextOTial to the tubular 

15 member 1110. In a preferred embodiment, » twn hardenable fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment* the one or mora plugs 1 165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the noa hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. 10e f once the interior region becomes sufficiently 
pressurised, the tabular member 1110 m extruded offnf Mm i^wpn^^K^ mandr el 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from pfaggmg » fluid pftppyp pnrh fig, fnr ftmTnp l^ 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the plugs 1165 comprin a single latch down dart 

After placement erf the plugs 1165 in the fhiM passages 1140, the non 
5 hardens fhiic^niaterialU61 is pretty 
the tabular member 1U0 below the inaiidrel 1105 at pressuw and lbw rates 



40 to 3,000 gaUonVmin. 



ranging from ap p rarim atahr 500 
In a preferred embodjment, after plaosme^ 
1140, the non hardenable flridic material 1161 is preferably pmnped into the 
10 interior region ofthetulnxlsr member mo 
and flow rates rangfag from approxmi^ 
galbnsAnmm order to optmalh/prov^ 

For typical tubular members 1110, the extrusion of the tubular 











4 



when the pressure of the interior r 

ai 



* -s— «. u» wmamt member 1110 below the mandrel 1105 reaches, for 

example, approximate* 1200 to 8500 psL In a preferred anbodiment, the 

off of the expandable mandrel 1105 begins 
ion of the tubular member 1110 below the 
mandrel 1105 reaches approximate* 1200 to8500pst 

20 During tlwextru^ process, the exp 

out of the expanded portion of tba tubular lumber 1110 at rates ranging, for 

oanipte,fromab<«t0to5ft^lnapreferrede^ 

pxoc^theexr*mdWema^ 

tubular meznberlllOat rates rangingft^ 
26 provide perndt adjustment of operate 
the extru^ process wm be caniph^ 

Ina,»referredendx>dima^ 
1110baaaninternaldiameterles.t^ 

In this manner, when the mandrel UW exp*,*. the section 1180 erf tbet^ 
30 niemberlllO,atleastaportkm of tbs expert 
at least the wemx,re caaixujlO^ In.part^^ 
u, effected by «mn«essingtbe seals 1016bet^ 
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the wellbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tabular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameto less than the outside 
diameter of the mandrel HQS. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing easing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal registance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1 110. In this manner , the 

20 Ridden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimised In a 
preferred embodiment, the operating pressure of the finidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximatery all but about 5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided fan the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1 1 1 0 in order to catch or at least 
decelerate the mandrel 1105. 
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ipleted, the 



expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 



the integrity of the flnidic seal of the joint between the upper portion of the 



using conditional methods. If the fluidk aeal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is sat is fact ory, then the unrated portion of the material 1 160 within the 
expa n de d tabular member 11101s then removed in a conventional m a nner. The 

10 material 1160 within the annular region between tha tubular member 1110 and 
the tubular liner 1008 is thai allowed to cure. 

As illustrated in Fig. 1Q£ preferably any remaining cored material 1160 
within the interior of file expanded tabular member 1110 is then removed in a 
conven tional manner usinga conventional drill string. Hie resulting tie-back liner 

15 ofcasing 1170 includes the expended tubular member UlOaiMi an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1155 uaingconveatkmal drilling methods. 
20 In a particular^ preferred en^ incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described 
As illustrated in Kg. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. The weUbore 1200 includes m existing caaad section m 
a tubular casing 1216 and an «nnn\ni> outer layer of cement 1220. 

In order to extend the weflbore 1200 into the subterranean fonnation 1205, 
a drill string 1226 is used in a well known manner to drill out material from the 

subterranean formation 1206 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 to fbmmg aw 



weUbore 100. The apparatus 1300 preferably includes «*» ««pa™ioK U mandrel 




5 tubular member U10 and the 




in a subterr 
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pig 1305, a tubular member 1310, a shoe 13 15, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1346, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345, The frrpandnMe mandrel 1305 is preferably adapted to controllabiy 
expand m a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional comn^ 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hj rdraulic expansion tool 
10 substantially as disclosed in U.S. Pat No, 5,348,095, the disclosure of which is 
incorporated herein by reference, 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. His tabular member 1310 is preferably expand e d in the radial 
15 directi 



extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubulsrmemheriainm^yrftn^fftr 
20 example from appro^ 

In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optima^ provide minimal teleacopingeffect in the most commonly encountered 



wellbore sizes. 

26 In a preferred embodiment, the tubular member 1310 inclndea tn upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365* In a 
preferred amhftHimp^t, the wall thfrfrreqn outer diameter of the upper portion 



1355 of the tubular member 1310 range 
16 inc he s, respectively. In a 



ttllK 



about 3/8 to 1V4 inches and 3 Vi to 



30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 



54 



the tabular member 1810 range from about 8/8 to 1 .5 inches and &5 to 16 inches, 



In a particularly preferred embodiment, the wail thickness of the 
iiitermediate section i860 of the t^ 

5 wall thickness.of the ui^ and Waectm^ 
nionber 1810 m order to opthnal^ 

aiid oirtunaltypennit the inaceinart 



The tubular member 1310 preferably comprise a solid member. In a 
10 preferred embodiment, the tipper end portion 1855 of the tabular member 1810 
is stotted. perforated, or ciha^ 

1306 when it completes the extrusion of tubutor member 1310. to a preferred 
embodiment, the length of the tubular member 1310 is limited to mfam,^ ^ 
possibility of buckling. For tn>ical tubular member mOi^ 
15 *e tubular member mOmprefa^ 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably include* ftnid passages 1880 and 1885. The shoe 1815 may 
any nnnmer of eonwntional contt^ 

20 Super Seal H ftart ahoe, Super Seal H IWIet^ahoe or guide ahoe with. 

sealmgaleere for a latch-downplay 

the present disclosure, to a preferred enuxdmmat, the aho^ 

ahmnnuffl down-jet guide shoe witoaaea^ 

from Halliburton Energy Serviceem 
25 teachingHofthepresentd^scloeu^ 

1310 mto the weubore 1200, optmrnOyft^ 

nmmber 1810, ami optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing T^rwKoma. 
Inaprefarredembcdunent, the shoe 1315 fur^ 
30 outletportsmfhuoiccomm^ to this manner, 

the ahoe 1315 praferabfar hmtienahlAfHiMi .u- ff mnfrTinI fatp tlm x uduii 

outadetb^aboe 1315 and tubiuax member 1310. toaurafem 



_ . . 1 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing dements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits ihiidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expand able mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. Tba fluid passage 1320 is preferably portioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxiea at flow rates and 
pressures ranging from about 0 to 3,000 galkme/minnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

16 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block ftirther passage of fluidic materials In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fhndidy isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurised. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxiea at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally All the annular 
region between the tubular member 1310 snd the new section 1230 of the wellbore 
1200 with fluidic materials In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In t hi s manner, the fluid passag e 1330 can be seated off by introducing a plug; dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidk materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1386 is coupled to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1835 is preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pri in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the we&bore 1200 
with fluidic mate rials 

The seals 1340 are coupled to and supported by the upper end portion 1855 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface ofthe upper end portion 1355 of the tabular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 ofthe tubular member 1310 to be fluidichy sealed. The 
seals 1340 may comprise any number of conventional commercially av ailable seals 
20 such as, for example, lead, rubber, Tefkm, or epoxy seals modified in accordance 
with the t eachin gs ofthe present disclosu r e. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratakck epaxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal In the 

kg joint while also creating optimal load bearing capability 



26 to 



tana typical tensile and compressive loads. 
In a pjfgfei i «d embodiment, **>° »>»i p 1 fljft firrt imtortad to optimally provide 
a sufficient f ri ctiona ! for ce to support the expanded tubular member 1310frtmi the 
existing casing 1215. In a preferred embodiment the fr 

the seals 1340 ranges from shout 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded faitmbir member 1310 

Tie support member 1345 is coupled to the expandable mandrel 1305, 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weubore 1200. In a preferred 
^K^ir^t, ih« aippflrtmemher 1345 further mcludesone or more conventional 
centrahzers Cnot illustrated) to help stabilize the tubular member 1310. 
5 In a prefeiTed embodiment^ 



prior to assembly to the remaining f 



of the apparatus 1300. In this 



manner , the introdoctionof for eign mater ial into the apparatus 1300 ismin raized 



This 
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possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no fordgnniaterial 
10 interferes with the expcmaicm process. 

The wiper plug 1350 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310. The wiper prag 1350 includes a fluid 
passage 1375 that is coupled to The wiper phig 1350 may 

comprise one or more conventional commercial^ 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred enmodiment, before or after positioning the apparatus 1300 
withm the new section 1230 of t^ 



in order to ensure that no foreign materials are located within the 
weUbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 



< ■ ( ii.iini| 



As illustrated in Kg. lie, a hardenable flniriir flesHng material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. Hie material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and Mb the annalar region 1390 b etw e en the exterior of the 

tubular member lSlOmid the interior wall (rf^ 
1200. ContfaMedpuiaiangoftbainate^ 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flew rates ranging, far example, from about 0 to 5000 psi and 0 ta 



tent, the material 1380 is 



PVaV 
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in 



gullmmftntn , respe ctive ly. Inaprefern 
jjumped into the annular region 1390 at pressures and flow rates ranging 
about 0 to 5000 pa and 0 to 1,600 gaBona/mm, reapeco^ 
fflltheannnlarregkmbetweentbetubttte 

of the weflbore 1200 with the hardenahh flmdii. —Hng nntvrM 13B0. 

the hardenable flni di r wpnlmg material 1380 may comprise any number of 
malconnnBrdallvava^hli.t < «TA m .KUfl 11 ^j r nrnHngTiat^noif, mrf) nB 
pie, slag mix, cement oar epoxy. In a preferred embodiment, the 

1380 comprises blended cements designed 
IrflJed and available from Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 intheanmilart^nm, iaon 



for 
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20 



i gTnent is preferably determined using conventional empirical methods. 
The annular region 1390 preferably is filled with the material 1380 in 
sufficient Quantities to ensura 

1310, the annular region 1390 of the new aeetion 1230 ofthewellbore 1200 wffl be 
filled with material 1380. 

As illustrated in Kg. lid, once the annular region 1390 has been adequately 
filled with material 1380, a vrip^ 

into the fhudpaasage 1320. The wiper dart 1885 is preferab^ 

fciM passage 1320 byaiumbnrden Tte wiper dart 1895 

then preferably engages the wiper pmg 1360. 

As illustrated in Fig. lie, m a preferred einbodiment, engagement of the 
wiper dart 1395 with the wiper phjg 1350 m 

theinandrel 1305. The wiper dart 1895 and wiperplugisa) then prefin^by 
edge in the fluid passage 1880, thereby bloddngfluH flow tbr^ 
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passage 1330, and ft n idiciy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the nan 
hard enable fhridie material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1385 into the Quid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from ptaggmgaflnid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down phifeB 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fhiidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging; for example, from 
approximately 0 to 5000 pal and 0 to 1,500 gaDonsAnin in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fhiidic material within the interior of the tubular member 

25 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fhiidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from ap pr ox im ately 500 to 9,000 psi and 
40 to 3,000 gallons/mm in order to optimally provide operating pressures to 

30 maintain the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 

• 
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1310 off of the expandable mandrel 1306 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psL Iua 



tubular 



i 1 t 1 1 ft i u 



oT die tubular member 1310 at rates ranging for 

^during the extrusion 



i • I • » »l i i it ;j « 



preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular membCT^ 
«. '"^ of the shoe and tubular member, an^ 

"• optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 

10 During the extrusion process, the MiwmdBhlwmwitdrdia0Siimyberaiaed 
out of the expended partii 

example, from about 0 to 5 ft/eec. In a preferred 

process, the expandable mandrel 1305 may be raised out c>fthe expanded portion 
of the tubular member 1810 at rates raiujingf^ 
16 optimally provide an efficient process, optimally permit operator adjustment of 

optimal completion of the extrusion process 

re curing of the material 1380. 
When the upper end portion 1356 of the tabular inembermo is extruded 
off of the expandable mandrel 1806, the outer surface* the uppweim' portion 
ISM of the tubular member mOwm prefab 

lower end portkm of the casing 1215 tolb^ m 
contact pressure of the overlapping joint may range, for example, from 

it, the contact pressure 



open 



approximately 50 to 20,000 paL In a preferred 



■ > I II I, t l I I II U l 



Pproxfanatoly 400 to 10,000 pd in order to 



of the overlapping joint ranges fron 

optimally provide contact pressure si ,..^nim 

enough reau»tance to withstand typic^ ^ a 

particular*/ preferred embedment, the sealing members 1340 will ensure an 
adequate fluithc and gaseous seal m the overlapping joint 



In a preferred 



• 
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t, the operating pressure and flow rate of the nan 

hardenaMefluldminaterial 
numdrel 1305 reaches the upper end ptu^ 

In this manner, the sudto release of preeaure caused by the wmplete extrusion 
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ofthe tubular member laiftnflTnftHAiwpf^ftKfatntviTwi 1305 can be minimised 
In a preferred emb o diment! the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alteraativefoorincomhinatimi,^ 
number 1345 in order to absorb the shock caused by the sodden release of 
pressure* 

Alternatively, or hi combination, a mandrel catching structure is provided 

10 in the upper end portion 1866 ofthe tubular member 1310 in order to catch or at 
least decelerate the mandrel 1306. 

O nce t he ext rusion process is co mplet ed, the expandab le mandrel 1305 is 
removed from the weDbore 1200* toaprefared embodiment, either before or after 
the removal of the expendable mandrel 1305, the integrity ofthe fluidk seal of the 

15 overlappingjoint between the upper portion 1 355 ofthe tulmlar member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic aeal of the overlapping joint between the upper portion 1356 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 ofcasing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removedby drilling out the shoe UUnsing 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes mstalltng a tnbolar liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tulmlar liner is then radially expanded by extruding the liner off of the mandreL 
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injecting a hardenable fluid ic sealing 



into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenable fhrtdic material into an interior region of the 
tubular liner below the mandreL Tbe method preferabjy includes flnididy 
isolating the annular region from the interior region before injecting the second 
quantity of the non hardfm a hle sealing material into the interior region. The 
injecting the hardenable fhndic sealing material is preferably provided at 
operating pressures and flow rates rangmg from about 0 to 5000 psi and 0 to 1,500 
gaDona/min. The injecting of the non hardenable fluidk material is preferably 
provided at operating pressures and flowratesrangingfiomabout500to9000pifl 
and 40 to 3,000 gallon Vmfa The heeding of tbe non hardenable fhzidic material 



is 



rabfrproridad at reduced oppratiro^ end 
portion of the extruding. Tbe non hardenable fluidtc material ia preferably 
injected below the mandreL The method preferabfyindiklespresauriringa region 
16 of the tubular Hnarbetow the mandreL Theregionof the tubular liner below the 
mandrel is preferably pressurixed to pressures rangmgihmi about 500 to9,000psL 
The method preferabfr mchirififi ffnidicfr isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
indude* curing the hardenable sealing material, and removing at feast a p 
20 of the cured ap^Kn g rnateri al located within the tubular liner. The method farther 
preferably includes overlapping tbe tubular liner with an existing wellbore casing. 
The method farther preferably includes acaling the overlap between the fa*Ktii» r 
liner and the existing wellbore casing. The method farther preferably includes 
supporting the extruded tubular liner using the overlap with thee 



25 casing. The method farther preferably tndu 

the overlap between the tubular Knar and the existing wellbore casing. The 
method farther preferably includes removing at least a portion ofthf* h»rrWf >Ki fi 
fl nidir nettlin g material within the tubular liner before coring. The method farther 
preferably includes lubricating the surface of the mandreL The method farther 

30 preferably includes absorbing abode The method farther preferably includes 
catching the mandrel upon th« «rnipi^^n ^f thy g^t nyttn g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and inxhitoasecorid fluid passage. 
5 The tubular member is coupled to the mandrel Tte shoe ia coupled to the tubular 
1hvf~ jrvinifcHi * third fluid passage. The first, Be mu d and third flnid passages 
are operabry coupled- The support member preferably ftxrther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
art yrrfgH tfr r>«w*fc rnr^gTi TTi»terifi] from entering an interior region of the tubular 
member. Tbe mandrel is preferably expandable. The tubular member is 
preferably fabricated from rnateriala selected firom the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubingfcastng, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 155 inches and 3J> to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 mr™H t"*»" 1 « y mumher off of the mandrel into engagement with the first tubular 
member. The pressurising of the portion of the interior region of the second 
tubular member is preferably provided ai operatic 
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600 to 9,000 psL The pr essuris ing of the portion of the interior region of tfaa 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tlwntetoodnirtherprefersbfymcliides 
sealing the overlap between the first and aecond tabular menders. Themethod 
6 fi**ber preferably iwdudrc 
the overlap with the second tubular member. The method further preferably 
indudes lubricating the wirfacerf The metfaod further preferably 

jndadea absorbing shock. 

AbnerforuaemcreatinganewaBctkmrf 
0 formation adjacenl to an aJready exh^ 
described that includes an annuls The arnmlariwimberiiidudeaone or 

more aaaHngmembera at an end portion of the annular member.and one or more 



preasure relief peaBages at an end portion of the annular member. 
A wellbore earing has been described thai mchuli* a t^ 
16 annular body of a cured fbiMic wm ting rnrrtpriai The tubular lmer is fanned by the 
process of extruding the tabular liner off of a mandrel The tubular finer is 
preferably fbrnoed by the proc^ 

the wellbore, and pressurizing an interior portion of the tubular finer. The 
annular body of the cured floidic sealing material is preferably formed by the 
20 process of iA ecting a body tfb* 

region external of the tuboJar finer. Dnrmgthepree«uriring,themte 

the tabular Imer is pre^ 
tubular liner. The mterior portion of the tabular IhwiaprefeiabhTiaessurBed 
to rjressuresrangmg from about 5(W The tabular liner preferably 

25 overlaps vrfto an eristing wellbore <aring. The wellbore casing preferabh/ further 
includesaserirx>sitionedtotto 

wellbore caring. Tubular liner is preferably aupported the overlap with the 
>g wettbore caring. 

A method of repairing an existing section cf a wellbore casing within a 
dehasbeen described thrtfad^ 
the wellbore caring, injectingab^ 

of an interior region of the tubular finer, and radially 
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expanding the liner in the borehole by extruding the Hner off of the mandrel. In 

a preferred embody 

of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fhiid^dy iaoktnog an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a prefe rred embodiment, the 
Ejecting of the bodfrci'fh^ 

rates ranging from about 500 to 9,000 psi and 40 to 3,000 gMt***/**™ in a 
preferred emboriimftnt, the injecting of the body of fhiin^ material is provided 
reduced operatfagpresgurefl end flowratesdnringan end portion of the d*pg 
10 In a preferred embodiment, the fh^ In 
a preferred embodiment a region of the tubular finer below the mandrel is 
pressurised. In a preferred embodiment, the regm 

mandrel is pressurized to pressures ranging from about 500 to 9,000 pal In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbare casing. In a preferred embodiment, the me 

includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a pr e ferr ed embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore easing. In a pr e fe rred 
embodiment, the method further includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing: In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material The tubular liner is form 

off of a mandrel The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. T« a profom^ embodiment, ***** t«hni»r hner is fawn ed hy thA 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tubular liner. In a preferred embodiment, 
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tfluididy; 



from an exterior portion of the tubular liner. In a preferred embodiment, the 
mteriorportronof the tubularly 
500 to 9,000 paL Inaprefemdenibaiimeat, 

flwHn g nmtpri aligfoniied by the process of iiUectiiigaboclyofhardeiiablefhiMfc 

iar region batmen the esistmgwellborecaamgaiid 
the tubular Ener. In a preferred wnhorftmnnt, the tubular liner overlaps with 
another exiating wellbore casrng. fa a preferred emb<>dmient, the ti^^ 
fiirtherhichideaaaealpositionedmtte 
10 other exiating weHbore casing, fa « pwfened enuwdnnent, tubular liner is 
supported lytbBe^^riap^fliBetbsradaHiiy^riB^ ^^j 

An apparatus for expanding a tubular menfl>er has been described that 
inchidea a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a fort fluid passage. The mandrel ia coupled to the 
16 support member. The mandrel include a second fl^ 

to the first fluid passage, an mterior portion, and an exterior portion. The interior 
portion of the mandrel ia drfflable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member, tte shoe includes a third fluid 
I>assageoperably coupled to the aecoiid fluid n 
20 exterior portion. The interior portion <rf the shoe ism Preferably, the 

mterior portion of the maiidrd tochmes a tubular m 
member. Preferably, the load bearing member comprises a drfflable body. 
Preferabfy, the interior pcrtion of the ah« 
bearmgmember. Preferably, the loiid bearing m 

Preferably, the exterior portion of the mandrel comprises an expansion cone. 

Preferabh-theexpanata 

coiiaMng of tool steel, «uiiium,aiidceran^ 

a surface hardness rangtog^ Preferably at least a 

portion of the apparatus ia (billable. 

Although illustrative enux^^ 
described, a wide range of inodification, changes and substation is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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1 L A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular 

4 injecting flnidic material into the borehole; 

5 pnasuriring a portion of an interior region of the tubular 1W; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of ttehneroifof themandreL 

1 2. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already gristing casing; 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casine: 

6 placing a tubular liner and an expandable mandrel into the new Bection of 

7 the borehole; 

8 overlapping the tubular liner with the already eriating cawing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new aection of the borehole; 

11 flnldfcfrieolatingthe annolar legion bet weuu the tabular liner and the new 

12 section of the borehole from an interior region of the tubular liner 
U below the mandrel; 

14 injecting a mm hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel: 

17 Beating the overlap between the tabular finer and the already existing 
IS ^**ff rngj 

19 supporting the tabular Uner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing caring; 
removing at least a portion of the hardenablefluidfc sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic faardenable fluidic sealing 

m a terial; and 

removing at least a portion of the cured fhaidkhardenable sealing material 
within the tubular hner. 

An apparatus for expandin g a tubular member, compris i n g: 

a support member, the supp ort member in raiding a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluM passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the shoe including a third fhrid passage; 
wherein the first, second and third fluid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; ami 

a flow control valve coupled to the first and Becond fluid passages; 
an expandable mandrel coupled to the support member, the expandab le 
mandrel inrhidmg a third fluid passage coupled to the first fluid 
passage; 

a tubular membe r coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubular member, the shoe including: 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member; and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the sup po rt member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. AmethodofjoiiiingageroTri 

2 first tabular member having an inner diameter greater than an outer diame ter of 

3 thft wpwmH tubular member, ^mpw««g> 

4 positioning a mandrel within an interior region of the second tabular 

5 member; 

6 pressurizing a portion of the interior regkm of the second tubular 

7 and 

8 extruding the second tubular member off of the mandr^ 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, th e annular member inducting : 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure reliefpassages at an end portion of the annular 

6 member. 

1 7. A weHbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an smuilar body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-hack liner fnr lining an mriwting »^iw> casing; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular finer off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

6 liner. 
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An apparatus for expanding a tubular member, co 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion: 

wherein the interior portion of the mandrel is drillable; 
an expandiM* tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 
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